Using the density-functional perturbation theory with structural optimization, we investigate the electronic structure, phonon spectra, and superconductivity of BiS 2 -based layered compounds LaO 1−x F x BiS 2 . For LaO 0.5 F 0.5 BiS 2 , the calculated electron-phonon coupling constant is equal to λ = 0.8, and obtained T c ≃ 9.1 K is very close to its experimental value, indicating that it is a conventional electron-phonon superconductor.
.
The recent discovery of superconductivity in the BiS 2 -based compounds has attracted much attention due to their layered crystal structure and physical properties similar to cuprate and Fe-based superconductors. The Bi 4 O 4 S 3 superconductor was found to exhibit metallic transport behavior and to show a zero-resistivity state below 4.5 K.
1 Soon after, another type of BiS 2 -based systems, ReO 1−x F x BiS 2 (Re = La, Ce, Pr, and Nd), were reported to be superconducting with transition temperatures T c equal to 10.6, 3.0, 5.5, and 5.6 K, respectively. [2] [3] [4] [5] For Bi 4 O 4 S 3 (ReO 1−x F x BiS 2 ), superconductivity can be obtained by electrons doping into the insulating parent compound Bi 6 O 8 S 5 (ReOBiS 2 ). Experimental and theoretical studies indicated that these materials exhibit multiband behavior with dominant electron carriers originating mainly from the Bi 6p orbitals.
1,6-12
In this Letter we report the calculated results for the electronic structure of LaO 1−x F x BiS 2 (x = 0, 0.5, and 1), phonon dispersions and electron-phonon coupling of superconducting LaO 0.5 F 0.5 BiS 2 . From the first-principles calculation, it is shown that the parent compound LaOBiS 2 is a band insulator with an energy gap of ∼ 0.8 eV , similar to the ground state of cuprate and pnictide superconductors. Upon F doping, the Fermi level moves up and the system appears a metallic nature. We obtain electron-phonon coupling constant λ = 0.8 and superconducting transition temperature T c ≃ 9.1 K in LaO 0.5 F 0.5 BiS 2 , indicating that this compound can be explained as a conventional phonon-mediated superconductor, quite different from the Fe-based materials 13,14 but somewhat similar to the Ni-based compounds.
15,16
We used the full-potential linearized augmented plane wave method implemented in the WIEN2K package 17 for the lattice parameter optimization and electronic structure calculations. The generalized gradient approximation (GGA) presented by Wu and Cohen 18 was used for the exchange-correlation energy calculations. This GGA is a nonempirical approximation that gives significant improvements of calculations for lattice constants and crystal structures. The phonon dispersion and the electron-phonon coupling are calculated using density functional perturbation theory (DFPT). The phonon dispersions were obtained in linear response via the QUANTUM-ESPRESSO program 19 and ultrasoft pseudopotentials.
The GGA of Perdew-Burke-Ernzerhof 20 was adopted for the exchange-correlation potentials with a cutoff of 60 Ry for the wave functions and 600 Ry for the charge density.
LaO 1−x F x BiS 2 with x=0 or 1 is crystallized in the ZrCuSiAs type tetragonal structure (P4/nmm) with La, Bi, S1 in the Bi planes, S2 in between Bi-S1 and La-O(F) planes, and A and c = 13.3237Å) reported by Mizuguchi et al. 2 , we have performed the full structural optimization including the lattice parameters and atomic positions, the obtained results being summarized in Table I . It is found that, with doping F from x = 0 to x = 1, the a value increases gradually but the c value decreases, accompanied with a decrease of primitive cell volume V . By making a comparison in the atomic bond length between LaO 0.5 F 0.5 BiS 2
and LaOBiS 2 , one finds that the Bi-S2 bond expands due to F doping while d Bi−S1 for the Bi-S1 bond remains almost unchanged.
The calculated band structures and electronic density of states (DOS) are shown in and S1-p states, so that the Bi-S1 layers dominantly contribute to the electronic conduction.
As shown in Fig. 1b , the present Fermi level crosses four bands of electron pockets, and so LaO 0.5 F 0.5 BiS 2 has electron carriers, which is well consistent with the Hall resistance measurements. 
Here, N k is the number of k points used in the summation, N(E F ) is the density of states at the Fermi level, and ω gν are the phonon frequencies. The electron-phonon matrix element | From the α 2 F (ω) spectra in Fig. 3 , we get the electron-phonon coupling λ = 0.8 and the logarithmically averaged frequency ω ln =192 K. Using further the Allen-Dynes formula with the Coulomb parameter µ * = 0.1, we finally obtain T c = 9.1 K, which is found very close to the experimental value T c = 10.6 K. 8
